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The invention concerns a method for transportation and storage of gas and oil, or gas and 
condensate, according to the introductoion of claim 1. 

5 

Background 

In cases where pipeUnes for transportation of gas are absent, it is difficult to perfonn 
efficient exploitation of the gas The gas can not be combusted continously, itxan not be used 
on the spot, for example on a platfonn ofl&hore, and can not be carried to the consumer through 
10 a pipeline. 

One possibUity in such cases is re-injection of valuable gas back into the reservoir. 
Exploitation of single isolated gas fields, e.g.. offshore, is economically without using the gas 
on the spot or transporting it through a pipeline. It has also been suggested to treat the gas on 
the spot in the production of liquefied natural gas such as, methanol and ammonia. The three 
15 latter alternatives, however, require comprehensive treatment of the gas and/or another gas 
product, and require complex equipment. - in a scale which is unsuited for working offshore. 

In an effort to solve problems of this type it has been suggested to produce gas hydrates. 
Gas hydrates form extremely structured systems, in which all water is bonded in an open crystal 
structure ("empty hydrate") through hydrogen bonds, wherein the hydrate has a density less 
20 than ice. The open nature of the crystal structure means, gas molecules can become immobilized 
and captured in the lattice cavities without breaking the hydrogen bonds. All hydrogen atoms 
(except for a few surface atoms) are involved in hydrogen bonds, and the gas molecules 
cooperate with the water molecules through van der Waals forces (non-polar). In this way the 
hydrate is a phase enabling polar bonding between water molecules and non-polar interaction 
25 between foreign molecules. For example, hydrates formed fi-om on cubic meter of water may 
bond about 1 50- 1 70 m» methane. This fact has opened new possibilites for transportation and 
storage of hydrate forming gases. 

For general examples of prior art fi-om the patent literature witiiin this technical field, we 
refer to US Patent 3,888,434 and NO Patent 149976. However, both concepts require use of 
30 high pressure to realize transportation over longer distances in order to avoid dissociation of 
gas and water fi-om the hydrates. 

NO Patent 172808 describes a method for production of gas hydrates in a gas phase reactor 
to fecilitate transportation and storage of hydrate forming gases. NO Patent Application 944974 
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(published after the filing date of the present application), describes an alternative method for 
transportation of gas hydrate. Hydrate forming gases and water are supplied to a-pressurized 
liquid phase reactor to form gas hydrate. In order to absorb the heat evolved from the 
exothermal hydrate-forming reaction, the reactor is suppUed with a combined cooling and 
5 reactant medium comprising a slurry of ice crystals in a Uquid carrier such as water or 
condensate of light hydrocari)on fractions. In the reactor, the ice crystals melt at least partiaUy 
and absorb reaction heat from the exothermal hydrate forming reaction between gas and water, 
whereupon water and the carrier liquid are separated from the hydrate in a subsequent 
separation step. Gas hydrates produced in accordance with the two latter patent publications 
10 enable separate transportation of gas at or close to atmospheric pressure and at substantially 
adiabatic conditions at temperatures below 0"C. A transportation of this type has evident 
advantages compared to transportation of LNG, for example, in longer distances and with 
hydrate processes found in the prior art. 

For small oil fields, such as in the North Sea, with a low production rate and short lifetime. 
15 ft is economically impossible to perform any exploitation since any oil exploitation sUso requires 
handling of the natural gas. With the prior art technology the transportation of oil and gas must 
occur separately, where the gas is treated and transported as LNG, as liquid products such as 
methanol or other chemical products, or as gas hydrates. This transportation requires separate 
storage and transportation units, and will, as mentioned above, render exploitation economically 
20 unattractive. On the other hand, the gas may be burned, or re-injected back to the reservoir, but 
then the economic potential of the natural gas will be lost. 

Moreover, there are fields located at long distances from the terminal that require long 
distance transportation by tanker. In some cases one must resort to long distance pipeline 
transportation of the oil. either alone or in combination with gas in a two-phase flow, and in 
25 many cases the gas will be re-injected back to the reservoir. In such cases ft is usually 
economically unattractive to perfonn any gas treatment to produce gas hydrate since there is 
no real transportation possibility for the gas hydrate. On the other hand,- two-phase 
transportation of gas and oil requires high pressures and accordingly increased costs, whereas 
re-injection of gas back to the reservoir will forfeft a valuable resource. 

30 

Object 

An object of the present invention is to provide a novel method for transportation or storage 
of oil/condensate and gas. 
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A particular object of the invention is to provide a method enabling long distance 
transportation of oil and gas, particularly pipeline transportation, and exploitation of small oil 
fields which today are considered to be un-expioitable. 

5 The invention 

The objects above are achieved by a method in accordance with the characteifeing part of 
patent claim 1. Further advantageous features appear from the respective dependent claims. 

In one aspect, the invention concerns a method for transportation and storage of gas and oil, 
such as natural gas and cnide oil from the production site to a remote terminal, or for example 
10 unloading of gas hydrate from a tanker at the terminal where the gas hydrate has been 
transported as a solid phase. The tenm 'condensate' means light hydrocarbon fractions from e.g. 
gas fields, generally having 4 carbon atoms or more per molecule, but more specifically 
hydrocarbons having 4 to 10 carbon atoms per molecule. 

In one embodimoit of the invention, the gas is converted to gas hydrate in a manner known 
15 perse by combining hydrate-forming gas and water in a pressurized reactor of gas phase or 
liquid phase type, and then, separating the hydrate from water, drying and cooling the hydrate, 
preferably to a temperature of minus 10°C, e.g.. as described in the above mentioned NO Patent 
172080 and NO Patent Application 944974, respectively. In order to facilitate the subsequent 
mixing step, the hydrates are preferably conuninuted, such as by crushing. 
20 In accordance with the invention, the oil phase is, in general, cooled and mixed with the gas 
hydrates to produce a substantially homogenous slurry of hydrate in oil, whereupon the resulting 
slurry can be transported or stored in the same unit at a pressure near atmospheric at a 
temperature of below O'C. preferably below minus 15»C, or at higher pressures and 
temperatures in cases where the slurry is to be pumped for long distances. 
25 In this way, the transportation and storage of oil and gas can occur at substantially 
atmospheric pressure in the form of a solids/liquid composition by uang the same transportation 
unit or usir« pipeline transportation of oil and gas in die form of a liquid/solids composition at 
moderate pressure and tonperature conditions. According^, the present invention makes it both 
technically and economically possible for example to exploitate gas and oil from small or remote 
30 production fields which have otherwise been un-exploitatable. The invention is particularly 
suited for transportation of oil and gas in the form of a slurry by shuttie tankers from floating 
production units, but pipeline transportation is also possible. 

According to the present method, the mixing is preferably performed at a temperature and 
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pressure where the gas hydrates are stable, thus avoiding decomposition of hydrate and 
liberation of water to the resulting composition, which may cause problems later like coating 
formation and/or pump and pipe clogging because of freezing of the water phase if the 
transportation occurs at a temperature below the freezing point of water. At atmospheric 
5 pressure, it is preferred to keep both the oil phase and the gas hydrate at a temperature below 
minus lOX prior to mbcing. but temperatures up to O'C may be used. Mixing of hydrate into 
the oil phase can be perfomed in any suitable manner, such as by feeding hydrate into a 
continous flow of oil in a pipeline, or by mixing in a contsuner with a stirrer. 

The mass ratio between hydrate and oil is not critical, but with respect to the pumpability 
10 of the slurry, the practical upper limit of the hydrate portion in the slurry can be said to be 50 
percent by volume since an increasing portion of hydrate in the slurry will increase the viscosity. 
The hydrate portion in the slurry wiU in practice be determined by the gas/oil ratio in the 
product flow. 

Moreover, in view of possible ice formation during transportation or storage of the slurry 
15 at temperatures bdow the freezing point of water, as described above, it is advantageous to 
separate any water present in the oil phase from the latter prior to mixing of the oil and hydrate. 
De-emulgators can be added to the resulting composition to avoid formation of W/O emulsions 
and freezing of the same. 

Whereas oil, condensate and hydrate in general exhibit the same heat capacity, the thermal 
20 conductivity of the oil phase and the condensate phase is lower than for the hydrates and 
constitutes only about 30% of the heat conductivity of the hydrate. By evaluating heat loss 
alone from hydrate during transportation or storage, it will be more favourable from a 
thermodynamical point of view to store/transport the hydrate in a mixture "with oil or 
condensate. 

25 However, during storage or transportation of a stationary O-e. non-flowing) slurry, hydrate 
may precipitate at the bottom of a tanker because hydrate particles in general have a higher 
density than the oil phase. In such cases it may be required to perform re-mixing of the slurry 
to fedlitate any pumping and separation at the terminal. Such sedimentation or precipitation of 
hydrate in the oil phase can be reduced by using hydrate with a small particle size, since the 

30 sedimentation rate for the particles decrease with decreasing particle size. Another alternative 
is reducing the temperature in the oil phase to render it more viscous, whereupon the 
sedimentation rate for hydrate particles is further decreased. It is also possible to use foaming 
agents in combination with dispersed gas, preferably natural gas in view of the gas quality, in 
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the oil phase, to adhere to the hydrate particles and keep them floating in the slurry. 

Storage and transportation occur close to adiabatic conditions preferably at a pressure near 
atmospheric, and the temperature must be O^^C or below. For transportation in shuttle tankers 
for example, the tanker should be provided with properly insulated containers to reduce heat 
S transfer to the cargo. 

At the terminal, the slurry is preferably pressurized by means of pumps or similar to avoid 
compression of natural gas after separation. Then, the slurry is heated to melt the hydrate and 
produce the as. The gas is collected and handled/treated with respect to the particular demand, 
whereas the liquid phase is separated in an oil phase and a water phase. The resulting water 
10 phase is preferably used again in the production of gas hydrates, and in transportation on a ship 
from the production site offshore, the tanks can be loaded with water for transportation back 
to the production site for another load of slurry, whereupon the water is unloaded and used 
again in the hydrate production. 

The invention is also applicable to unloading of tankers with solid gas hydrate, in which the 
1 5 hydrate tanks aboard are filled vnth oil or condensate having a temperature below 0 C to form 
a slurry of hydrate in liquid oil or condensate in the tank. The unloading of hydrate in a 
continous liquid phase from the tank aboard to the terminal can be performed with pumps which 
are commonly used for slurry pumping since the continous phase in the slurry is kept at a 
temperature v^iere the hydrates are stable but flowing and pumpable. Another advantage with 
20 the present invention is that the slurry, and the encompassed gas, can be compressed to an 
increased pressure with a moderate energy requirement before the separation step of separating 
oil/condensate and decomposition of gas hydrate to water and gas. The gas can in this way be 
pre-compressed to 20 bars, for example, at a low operation cost. Calculations have shown that 
the operation costs connected with unloading and separation by means of a slurry can be 
25 decreased to 1/3 of the costs connected with unloading and separation of solid gas hydrate. 

Figure 1 illustrates a strongly simplified process flow sheet for the production of slurry at 
a floating production unit, and 

Figure 2 illustrates a strongly simplified process flow sheet for the separation of slurry at a 
30 terminal onshore. 
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Example 1 

The present example is provided in order to illustrate the process for the preparation of a 
sluny comprising oU and gas hydrate produced at a floating production unit offshore, including 
separation at a terminal, with reference to Figure 1 and 2. 
5 According to Figure 1, fresh water, preferably return cargo in the form of separated water 
from the terminal onshore, is supplied to a production step for the production of an ice sluny. 
Simultaneously, the product flow from the oU weU is separated into a gas phase and an oU 
phase. 

The gas phase having a pressure of about 25 bar, is refrigerated and compressed to about 
10 55 bar, and is then supplied to a hydrate reactor in the liquid phase type together with the 
produced ice slurry for the production of gas hydrate at a pressure of about 50 bar and a 
temperature of about +10»C. The resulting hydrate is then conveyed to a separation unit to 
remove water, and to a refrigeration unit to refiigerate the hydrate, preferably to minus lO'C, 
followed by pressure relief to about 1 bar. 
15 The oO phase is conveyed to a separation unit to remove water, and then to at least one 
refrigeration unit, e.g., with a first heat exchanger cooled by seawater and then to a propane 
unit, to bring the oil phase down to a temperature of minus 10°C or below. However, the 
temperature of the oil phase should not be decreased to a level at which the resulting viscosity 
becomes high, as this creates difficult hadling characteristics. 
20 The resulting oil phase and the refrigerated hydrate at about amospheric pressure are 
conveyed to a mixing unit, for example a container provided with a stirrer operated at about 
atmospheric pressure, to form a slurry of natural gas hydrate in oil. 

The resulting slurry of hydrate in oil is pumped to a transport ship or stored at the 
production site at about atmospheric pressure and at a temperature of about 0"*C or below, 
25 preferably at minus 10°C, and at substantially adiabatic conditions. 

At the terminal (Figure 2), the hydrate slurry is conveyed to a storage tank and then to a 
melting unit, where the hydrate is melted by mixing with heated water recycled from the 
subsequent separation. The resulting gas fraction is then compressed, if required, sent to a water 
remowal unit and then to other processes or storage units. As mentioned above, it is preferred 
30 to perform compression of the slurry by pumps to a higher pressure to decrease or even 
eliminate the compression of the separated gas phase by compressors. The liquid fraction is then 
conveyed to a further separation unit where the fraction is separated into a water phase and an 
oil phase. The water phase is divided into a recycle flow, which is heated and conveyed back 



wo 96/41096 ^ PCT/NO96/00137 

to the melting unit, and a waste water flow conveyed to a storage tank and back to the transport 
ship for use again in the hydrate production on the floating production unit. 

Example 2 

5 We have performed a rough economic evaluation of three alternative modes for handUng 
the gas fraction from a production weU: 1) Buraaning the gas on the spot, 2) Re-injection of 
superfluous gas back to the reservoir, and 3) Production of an oil/hydrate sluny according to 
the present invention. All alternatives are based upon exploitation and collection of the oil 
fraction. 

10 The production well is assumed to exhibit exploitable reserves of 5-10 Megtons,a lifefime 
of 3-5 years and a reservoir pressure of about 250 bar. Moreover, a production rate of 5100 
tons oil/day and 756 tons gas/day was estimated. With regard to alternative 3 above, i.e. the 
alternative according to the present invention, the investments connected with transportation 
and handling at the terminal end have also been included. 

15 

Table 1 

Investment costs of the difTerent alternatives 
(billion NOK) 





Alt. J 


Alt. 2 


Alt. 3 


20 Oil »cploitation 


4.000 


4.000 


4.000 


Increase for the alternative 




0.227 


0.499 


Total 


4.000 


4.227 


4.499 



The diflFerence between the investment costs of Alternative 2 and 3 above are estimated to 
25 amount to 272 million (NOK). Considering a market value of 0.50-0.70 NOK/Sm^ the 
additional investment costs can be paid within 1.9 to 1.3 years, respectively. 

Accordingly, the present invention describes a method for storage and transportation of gas 
and oil which makes it technically and economically possible to perform exploitation of even 
remote small oil fields without any pipeine facilities. 
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The claims defining the invention are as follows: 

1. A method for transportation and storage of oil and gas hydrate or condensate and gas 
hydrate, particularly for transportation of gas from a production site to a remote 
terminal, or unloading of solid hydrate from a container such as a tanker at a terminal, 
characterized in refrigerating the oil or condensate phase, mixing the oil or 
condensate phase with gas hydrate to provide a substantially homogenous slurry of 
hydrate in oil or condensate. 
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The method of claim 1, characterized in comminuting the hydrate prior to, or during 
intermixing with the oil or condensate. 

The method of claim 1 or 2, characterized in performing the mixing at a pressure of 1 
atmosphere, at which the temperature of the oil or condensate and the hydrate bulk 
phase is in the range between 0°C and minus 10*'C- 
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